The δ 18 O of ostracod valves is widely used to infer water δ 18 O and temperature. However, ostracod δ 18 O appears sensitive to other environmental variables. In addition, there is species-dependent ostracod calcite 18 O enrichment, relative to slowly precipitated inorganic calcite under the same conditions. Together these uncertainties complicate ostracod paleoclimate reconstructions. This study presents a new understanding of the causes of ostracod δ 18 O variations based on a global database of published ostracod δ 18 O values in lake, marine and coastal environments, and from culture experiments. The database includes associated field/ experiment host water parameters including temperature (−1 to 32 °C), water δ 18 O (−13.2‰ to 4.3‰ VSMOW), pH (6.9-10.4), salinity (0-72 g/kg), calcite saturation states (0.6-26), and dissolved inorganic carbon concentration [DIC] (0.9-54.3 mmol/kg). The data show that: (1) 
resulting in lower ostracod δ 18 O, which explains the variable salinity effects on ostracod δ
Introduction 39
Ostracods are microcrustaceans that inhabit a wide range of aquatic environments, and the oxygen 40 isotope ratios of their calcitic valves (δ 18 O ostr ) provide important records of past changes in regional 41 temperature and evaporation/precipitation ratios (e.g. Lister Aside from the average 18 O enrichment of ostracod relative to inorganic calcite, the host water 61 temperature is assumed to be the main driver of oxygen isotope fractionation between ostracod calcite 62 and water (reported in ‰ with the / notation). However, results from culture experiments and 63 comparisons of field and laboratory studies suggest that the / may also be sensitive to the host 64 water pH ; Marco-Barba et al., 2012), and salinity and/or ionic composition (Li 65 and Liu, 2010a; Decrouy and Vennemann, 2013 ). Yet the sensitivity of / to these parameters 66 varies among studies, even where results are compared for ostracods that are closely related 67 taxonomically. The host water pH and salinity both affect the host water CO 3 2-/HCO 3 -ratio, and the 68 latter is known to affect the δ 18 O of marine planktic calcifiers (Spero et al., 1997; Zeebe, 1999 Zeebe, , 2007 Limnocythere sp., De Deckker, 1983) . 87
For podocopan ostracods (the taxonomic subclass investigated in this study), ontogeny usually 88 consists of nine instars including eight juveniles named "A-8" to "A-1" (first to last) and one adult 89 abbreviated "A". At each stage of development, the animal abandons the previous carapace 90 (moulting), increases its body size and produces a new carapace. Total life span is from a few months 91 to as long as four years. In mid to high latitude, most non-marine ostracods have a single generation 92 per year but the seasonal timing of development for adults and juvenile instars varies between species 93 (Decrouy, 2012) . 94
Podocopan valves are formed by the secretion of amorphous calcium carbonate by the epidermis, 95 which then crystallises into low Mg-calcite (Harding, 1964; Keyser and Walter, 2004) . It remains 96 unclear whether ostracods build up internal DIC and Ca reservoirs prior to calcification (Keyser and 97 Walter, 2004) or if these ionic species are transferred directly from the environment to the site of 98 calcification (Turpen and Angell, 1971) . Heavily calcified valves are formed in waters that are 99 supersaturated with respect to calcite, such as near the shore of a lake. In contrast, thinly calcified 100 valves commonly form in water poorly saturated with respect to calcite such as cold water in a deep 101 lake 
Methods 117

Data selection 118
A global database of ostracod-water oxygen isotope fractionation ( / ) was compiled ( For studies where the short-term environmental variability was significant (e.g. surface 169
waters or shallow water bodies), each water parameter ascribed to the ostracod data was 170 the average value obtained from the measurement performed at the time of ostracod 171 sampling and the measurement one month prior to the ostracod sampling, as reported in 172 the published study. The uncertainty range of each water parameter was calculated 173 conservatively as the difference in value between the two measurements. 174
iv)
Where ostracods were sampled from the deep sea or deep lakes with near-constant water 175 parameters all year round, both adult and A-1 juvenile ostracods were selected and a 176 single set of water parameters was associated with the ostracod data. 177
Calculation of DIC speciation 178
The host water DIC speciation affects the δ 18 Cypridids cultured in tanks filled with saline water obtained from Lake Qinghai (Li and Liu, 2010a 
3‰). 278
The fact that (Fig. 4A) (Fig. 6B) . For all the other ostracod families, the is negative. In ] ratio of 0 suggests a value of −1.1 ±0.2‰ for these marine ostracods (Table 2) . 302
The γ value in equations (5) and (6) was estimated for each ostracod family (Table 2) rather than for 303 each ostracod genus because there were insufficient data to obtain genus-specific γ values. Given that 304 ostracods from the same family appear to have similar values, it is assumed that the γ value is also 305 similar among ostracods from the same taxonomic family. The γ value was estimated for each 306 ostracod family from the slope of the linear regression between the (Table 2) . Candonids, which have the highest value, also have the highest γ value. 308
On the other hand, Cytherids and Limnocytherids, which have the lowest value have the lowest γ 309
value. The few data on marine ostracods suggest that Trachyleberids have a higher γ value than any of 310 the non-marine ostracod families. 311
The / values are modelled using equation (6) and the and γ values of each ostracod 312 genus/family as listed in Table 2 , and show good agreement with measured / (Fig. 7A , r 2 = 313 0.96, p-value < 0.01). The average difference between the measured and modelled / value is 0.2 314 ±0.9‰ (2σ), which is within the uncertainty of the modelled / values (Fig. 7B) (7) (Fig. 9) Alkalinity was significantly lower in the freshwater/distilled water relative to the saline water, thus the 422 solutions' alkalinity also covaried with salinity. After a CaCO 3 precipitation event, the decrease in 423 solution pH is more pronounced when the initial alkalinity of the solution is lower. In other words, the 424 magnitude of the pH decrease depends on the ratio between the amount of CaCO 3 precipitation and 425 the initial amount of carbonate ions in solution. Thus, in a closed system with a finite DIC pool such 426 as in culturing jars and where alkalinity is lower, the DIC 18 In turn, a fast and quantitative precipitation of the DIC cf implies a high pH in the ostracod CF (pH cf ). 451
The ostracod pH cf has not yet been measured but high pH cf conditions (~ 8.5 to ~ 9.5) have been relative to the host water pH like marine calcifiers, then a significant proportion of the DIC cf should 458 convert to carbonate ion following the pH increase, and DIC speciation should be different in the 459 ostracod CF than in the host water. This leads to the counter intuitive hypothesis that the contribution 460 of carbonate ions to the DIC cf pool is significant even when the δ that CO 2(aq) must be converted into HCO 3 -and CO 3 2-well before the onset of calcite precipitation, 474 allowing sufficient time for the isotopic equilibrium between hydrated/hydroxylated CO 2 and water to 475 be reached before the onset of calcification. This may be achieved by the isolation of host water DIC 476 by the ostracod with subsequent storage of the DIC pool at a similar or slightly higher pH than the 477 host water pH but at lower pH than during the calcification step. 478
In summary, we suggest that the transfer of DIC from the host water to the ostracod calcifying site 479 occurs in two steps. Ostracods first isolate pockets of water from the environment. The DIC speciation 480 of the isolated water is not significantly modified during the 'storage' phase, although the pH would 481 have to be maintained above a threshold value of ~ 7.0-8.0 to retain low concentrations of carbon 482 dioxide and carbonic acid. During storage, the DIC species reach full isotopic equilibrium with water 483 perhaps due to the presence of carbonic anhydrase in the fluid. Then, the isolated solution undergoes a 484 rapid increase in calcite saturation state and/or is transferred to a calcifying site with a high calcite 485 saturation state, likely due to elevated pH and high Ca 2+ concentration. Shortly after the increase in 486 calcite saturation state, most of the DIC pool precipitates as amorphous calcium carbonate, which then 487 recrystallises as calcite (Keyser and Walter, 2004 (Fig. 4A and 4B There is a range of complementary data from Lake Qinghai with which to investigate the carbonate 533 O ostr of these ostracods increases with the lake water depth (Fig. 11h) due to the effect of 538 water depth on the water temperature (Liu et al., 2009 estimated based on paleo-salinity estimates (Fig. 11b, Zhang et al., 1994 ) and the modern relationship 546 between salinity and pH in Lake Qinghai and nearby lakes (Fig. 11i, Li et al., 2010c, Xu et al., 2010) . 547
The salinity record is based on the ostracod Sr/Ca ratio from Lake Qinghai and display similar 548 variations to the lake level reconstruction of Liu et al. (2015) . Ostracod calcite accurately records the 549 water Sr/Ca during valve formation, which reflects of the water salinity in a closed basins saturated 550 with respect to calcite (Chivas et al., 1985) . Calcite and aragonite represent more than 60% of the 551 Lake Qinghai's sediment accumulation since 12 ka (Ji et al., 2005; An et al., 2012), suggesting 552 persistent calcite/aragonite saturation during the Holocene. The pH reconstruction in Figure 11c relies 553 on the assumption that the modern pH vs salinity relationship (Fig. 10i, r 2 = 0.86, p-value < 0.01) 554 remained similar during the Holocene. Using these salinity and pH time series (Fig. 10b and 10c) , (Fig. 11g) , but does not fully 563 resolve the discrepancy between the Holocene lake level (Fig. 11a, Liu et 
